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(57) ABSTRACT

A magnetic temperature sensing device for rotatably moving
parts, of the type including at least a magnetic field source
clement associated to the rotatably moving part and a
magnetic field sensing element associated with a fixed part
to measure parameters of a magnetic field determined by the
magnetic field source element, the parameters of the mag-
netic field being a function of the temperature of the rotat-
ably moving part. The magnetic field source element permits
rotation along at least an axis the direction of the magnetic
field as a function of the temperature of the rotatably moving
part.

12 Claims, 2 Drawing Sheets
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TEMPERATURE SENSING DEVICE FOR
ROTATABLY MOVING PARTS AND
TEMPERATURE DETECTION METHOD
THEREFOR

BACKGROUND OF THE INVENTION

The present mvention relates to a magnetic temperature
sensing device for rotatably moving parts, of the type
comprising at least one electromagnetic field source element
associated to said rotatably moving part and a magnetic field
sensor element associated to a fixed part to measure param-
cters of a magnetic field determined by said magnetic field
source element, said parameters of the magnetic field being
a Tunction of the temperature of said rotatably moving part.

Measuring the temperature of rotating parts, such as
rolling elements or shaits, has always been diflicult, due to
the i1mpossibility of wiring a sensor positioned on the
moving part.

Of particular interest, for instance, 1s monitoring the
temperature of motor vehicle tires, even when said motor
vehicles are moving, both for general maintenance purposes,
and for safety purposes when the motor vehicle travels at
high speed. It 1s therefore important that the driver be aware
at all times of the temperature of the tires, which may
dramatically ifluence the behavior of the motor vehicle.

Several methods for monitoring tire pressure and tem-
perature are known. Typically, a complex wiring technique
1s employed, or else transmitters and receivers of electro-
magnetic waves which require power supplies and antennas.

U.S. Pat. No. 4,570,152 discloses a temperature measur-
ing system 1in tires whereby a plurality of magnetic nails are
inserted 1 the tread of a tire at determined points. A
magnetic field sensor 1s then mounted on a non-rotating part
of the vehicle 1n proximity to the tire and it 1s used to detect
the magnetic pulses generated by the plurality of rotating
magnetic nails. I tire temperature grows, the heat thereby
generated decreases the magnetic field generated by the
magnetic nails.

Such a system, however, requires the insertion of extra-

neous bodies into the tread and a considerable proximity of

the sensor element to the tread, to detect magnetic field
intensity variations in a precise manner.

SUMMARY OF THE INVENTION

The object of the present invention 1s to provide a solution
capable of fabricating a magnetic temperature sensing
device for tires whose precision 1s influenced to little or no
extent by the precision of the detection of the intensity of the
magnetic field.

According to the present invention, said object 1s
achieved thanks to a temperature sensing device, and a
corresponding temperature measuring method having the
characteristics specifically set out 1n the claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention shall now be described with reference to
the accompanying drawings, provided purely by way of non
limiting example, 1n which:

FIG. 1 shows an outline of the principle of operation of a
magnetic device according to the mvention;

FIGS. 2A and 2B show 1n detail parts of the device of FIG.
1

FIG. 3 shows a diagram relating to a quantity measured by
the device of FIG. 1.
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DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The magnetic temperature sensor for rotatably moving
parts proposed herein comprises at least one magnetic field
source element associated to said rotatably moving part, 1n
a preferred version 1n an inner part of a tire such as the iner
tube, and a magnetic ficld sensing element associated to a
fixed part, preferably the chassis of a motor vehicle, to
measure parameters of the magnetic field of said source
clements, said parameters of the magnetic field comprising
in particular the direction of said magnetic field, which 1s
made a function of the temperature of said rotatably moving
part through the adoption of appropriate means of rotation as
a function of temperature.

FIG. 1 shows a diagram of the principle of operation of a
device according to the mvention.

A tire 11 rotating around an axis of rotation 12 comprises
a magnetic field source 13, provided with 1ts own magne-
tization and able to determine a magnetic field H.

Said magnetic field source 13 1s preferably positioned
inside the tire 11, 1 the mner tube. On a fixed part, 1n
particular a fender 15 of a motor vehicle, not shown 1n its
entirety for the sake of simplicity, 1s positioned a magnetic
field sensor 14.

To the magnetic field H generated by the magnetic field
source 13 1n the region between the tire 11 and the fixed part
15 are associated a field intensity and a direction.

The magnetic field H of the magnetic field source 13 can
rotate and possibly change its intensity as a function of the
temperature reached by the 11. The magnetic field sensor 14
remotely measures the magnetic field H, thereby indirectly
measuring temperature. The signal measured by the mag-
netic field sensor 14 1s then sent to an electronic unit of the
motor vehicle, also not shown 1n FIG. 1, for processing and
the generation of signals and alarms.

FIGS. 2A and 2B show 1n greater detail the magnetic field
source 13 associated to the tire 11.

FIG. 2A shows the magnetic field source 13 1 a first
operating configuration relating to a value of temperature T
equal to T1, whilst FIG. 2B shows the magnetic field source
13 1n a second operating configuration relating to a value of
temperature T equal to T2, where T2 1s greater than T1.

Said magnetic field source 13 according to the mnvention
comprises a permanent magnetic element 21, which gener-
ates a magnetic field H with constant modulus and direction.
Said permanent magnetic element 21, however, 1s advanta-
geously associated to a rotating element 22, which rotates
according to a revolution motion along an axis 25, radial
relative to the circumierence defined by the tire 11. Said
rotating element 22, according to a preferred embodiment, 1s
constituted by a shape memory element, for example con-
structed with nickel titanium alloys or other SMAs (Shape
Memory Alloys), which 1s capable of twisting around 1ts
own main axis in the presence of a temperature variation. As
shown 1n FIG. 2, the rotating element 22 comprises a bar 23
of shape memory material, positioned along the axis 25
within a coaxial container cylinder 24, able to limit the
vibrations produced by the motion of the tire 11.

The bar 23 1s preferably fastened to the bottom of the
cylinder 24 only by means of its own distal end relative to
the surface of the tire 11, and therefore 1t 1s otherwise free
to twist withun said cylinder 24. On the free end, and thus the
proximal one relative to the surface of the tire 11, of said bar
23 1s positioned the permanent magnetic 21, which, as
shown 1 FIG. 2A, has 1its own two poles, and hence the
associated magnetic field H, arranged according to a direc-
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tion that 1s substantially tangential to the surface of the tire
11. In FIG. 2A, 1n particular, the postion of the permanent
magnet 21 determines a magnetic field H that 1s tangential
and aligned along the direction of rotation of the tire 11.

In FIG. 2B, as mentioned, the magnetic field source 13 1s
subjected to a temperature 12 higher than the temperature
T1. The bar 23 of shape memory material, by virtue of the
temperature rise, tends to twist, so that its proximal end,
which bears the permanent magnet 21, rotates around the
axis 25. In FIG. 2B, the permanent magnet 21 1s rotated by
substantially 90° and determines a magnetization 1n sub-
stantially perpendicular direction to the direction of rotation
of the tire 11.

The magnetic field sensor 14 indirectly measures the
temperature T of the tire 11, directly measuring the direction
of the magnetic field H determined by the magnetization of
the permanent magnet 21 positioned on the rotating element
22.

The magnetic field sensor 14, which can be for instance
a spin valve sensor, sensitive to switches 1n magnetic field
direction, 1s able to perceive the varnation in the direction of
the magnetic field H, so 1t can detect the temperature rise. In
particular, appropriate circuits and micro-controllers 1n the
clectronic unit can be employed to measure the number of
rotation of the permanent magnet 21 which take place over
time, for instance by means of a simple counter, and hence
determine the temperature of the tire 17.

The permanent magnet can be obtained by means of bulk
magnetic matenals or hard ferromagnetic thin films depos-
ited by the corresponding thin film deposition techniques
such as sputtering or clectrodeposition. In this case the
permanent magnet 21 can comprise a single film or a stack
of multiple films, as well as composite materials constituted
by {ferromagnetic particles, having variable size (ifrom
nanometres to millimetres) and shapes, icorporated and
magnetised 1n a polymeric matrix. Particles can be synthe-
sised on site or ofl-site in the polymer. In the embodiment
described herein, the magnetisation of the permanent mag-
net 21 does not change as a function of temperature.

In any case, several magnetic materials are known to
behave 1n a manner suitable for the application described
above, 1.e. with magnetisation response noticeably varying,
not necessarily in linear fashion, over a range ol tempera-
tures between -40° C. and 300° C. FIG. 3 shows, 1n this
regard, the profile, as a function of temperature T, of the
absolute value Abs(M) of the magnetisation of a material
suitable to form the permanent magnet 21. It i1s readily
apparent that magnetisation assumes a minimum absolute
value at a compensation temperature Tcomp and at the Curnie
temperature Tcurie.

The solution described above allows to achieve consid-
erable advantages over prior art solutions.

The temperature sensing device according to the inven-
tion advantageously allows to correlate the temperature with
rotations 1n the direction of the magnetic field, so that the
correct determination of the intensity of said magnetic field
to the sensor has less influence, because the transitions
determined by the rotating element can be measured.

In particular, advantageously, the magnetic temperature
sensing device proposed herein employs as a rotating ele-
ment a shape memory material that 1s sensitive to tempera-
ture variations.

Naturally, without altering the principle of the invention,
the construction details and the embodiments may vary
widely relative to what 1s described and 1llustrated purely by
way of example herein, without thereby departing from the
scope of the present mnvention.
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The rotating element can also be provided with a screw-
type or helical advancing motion along the axis 25, for
example by appropriately threading the cylinder and the bar
of shape memory material. In this way the temperature
variation transduces both into a rotation of the magnetic
field, and 1nto a change 1n 1ts intensity. These parameters can
be simultaneously measured by the magnetic field sensor,
allowing to measure temperature with better precision.

Moreover, the element able to rotate as a function of
temperature can be formed by means different from the bar
of shape memory material described as the preferred
embodiment. For example it 1s possible to exploit the
variations in volume of a cell contaiming gas, to obtain a
mechanical displacement to be translated into a rotary
motion of the magnetic element.

The magnetic field sensor can be obtained with any digital
or analogue magnetic field sensor, such as a simple solenoid,
or an AMR (Anisotropic Magnetic Resistance), Hall, GMR
(Giant Magnetic Resistance), TMR (Tunnel junction Mag-
neto Resistance) sensor.

A temperature sensor device of the type described above
can be used 1 a varniety of applications requiring the
measuring ol a temperature.

In relation to measuring temperature 1n a tire, the tem-
perature sensor may be a part ol an appropriate measuring
nit, further comprising tire wear sensors 14a and/or pressure
sensors 145 and, possibly, actuators 14¢ or valves 14d to
re-establish tire temperature, said unit being located directly
on the tire and powered independently through the conver-
s10n of vibration energy deriving from the motion of the tire.

In particular, 1t 1s possible to exploit the sensor positioned
on the fixed part to detect magnetic field variations 1n
intensity and/or direction of other magnetic field sources
under the control of other quantities, such as pressure.

However, it 1s clear that the proposed device can be
applied 1n all temperature measurements compatible with a
magnetic temperature sensing device like the one described
herein, which includes at least one magnetic field source
clement associated with a rotatably moving part and a
magnetic field sensing element associated with a fixed part
to measure parameters of a magnetic field determined by
said magnetic field source element, said parameters of the
magnetic field being a function of the temperature of said
rotatably moving part, where the magnetic field source
clement comprises means for rotating the direction of the
emitted magnetic field along at least one axis.

The invention claimed 1s:

1. A magnetic temperature sensing device for rotatably
moving parts rotating along at least a first axis of rotation,
comprising:

at least one magnetic field source element associated to

said rotatably moving part; and

a magnetic field sensing element associated with a fixed

part to measure parameters of a magnetic field deter-
mined by said magnetic field source element, said
parameters of the magnetic field being a function of the
temperature of said rotatably moving part,

wherein said magnetic field source element comprises

means for rotating along at least a second respective
ax1is of rotation the direction of said magnetic field as
a Tunction of the temperature of said rotatably moving
part.

2. A device as claimed 1n claim 1, wherein said means for
rotating along at least one axis the direction of said magnetic
field comprise an element which rotates as function of
temperature and permanent magnet.
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3. A device as claimed 1n claim 2, wherein said rotating
clement comprises an element made of shape memory
material, 1n particular nickel titanium alloy.

4. A device as claimed 1n claim 2, wherein said means for
rotating along at least one axis the direction of said magnetic
field are also able to displace said permanent magnet along
said axis as a function of temperature.

5. A device as claimed in claim 4, wherein said parameters
of the magnetic field measured by the magnetic field sensor
comprise the direction and/or the intensity of the magnetic
field.

6. A device as claimed 1n claim 5, wherein said magnetic
field sensor 1s able to measure the magnetic field parameters
of additional sources of magnetic field, variable according to
a physical quantity and associated to said rotatably moving
part, in particular said physical quantity being a pressure.

7. A device as claimed 1n claim 1, wherein said moving
part 1s a tire for motor vehicle.

8. A device as claimed 1n claim 7, wherein the sensing
device 1s included 1n a measuring unit, and further comprises
at least one of wear sensors, pressure sensors actuators and
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valves to re-establish the temperature of the tire, said unit
being positioned-directly on the tire.

9. A device as claimed 1n claim 1, wherein said permanent
magnet 1s formed with bulk magnetic materials or hard
ferromagnetic thin films or composite materials constituted
by ferromagnetic particles imncorporated and magnetized in a
polymeric matrix.

10. A device as claimed 1n claim 1, wherein said magnetic
field sensor 1s a spin valve device.

11. A device as claimed 1n claim 1, wherein 1t associates
variations 1n temperature to variations 1n the direction of the
magnetic field generated by the magnetic field source ele-
ment and measured by the magnetic field sensor.

12. A device as claimed 1n claim 11, wherein 1t further
assoclates variations 1n temperature to variations in the

intensity of the magnetic field generated by the magnetic
field source element and measured by the magnetic field

SCIISO0T.
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